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About t h r e e  y e a r s  ago Ashland O i l  and R e f i n i n g  Company manage- 
ment i n i t i a t e d  a modest c o a l  l i q u i d s  r e s e a r c h  program. This program 
was aimed a t  accumulat ing b a s i c  technology and a t  p r o v i d i n g  a b a s i s  
f o r  more e x t e n s i v e  s t u d i e s .  During t h e  e a r l y  s t a g e s  r e s e a r c h  con- 
s i s t e d  p r i m a r i l y  o f  l i t e r a t u r e  s u r v e y s  and sco 'ut ing exper iments .  I t  
w a s  conc luded  from t h i s  i n i t i a l  work tha t  l o w  tempera ture  carboniza-  
t i o n  (LTC) of c o a l  c o u l d  s u p p l y  coal l i q u i d s  a t  a t t r a c t i v e  v a l u e s  
when c o n s i d e r i n g  t h e  c u r r e n t  economic c o n d i t i o n s .  

D i s c u s s i o n s  w i t h  FMC C o r p o r a t i o n  e s t a b l i s h e d '  t h e i r  w i l l i n g n e s s  
t o  c o o p e r a t e  i n  s u p p l y i n g  t a r  from t h e i r  LTC-pilot p l a n t  f o r  e x p e r i -  
mental  work. The FMC u n i t  w a s  c o n s t r u c t e d  under  s p o n s o r s h i p  of t h e .  
O f f i c e  of  Coa.1 Research (OCR) . T h i s  p r o j e c t  is d e s i g n a t e d  as Char- 
Oil-Energy-Development and h a s  t h e  acronym of  COED. 

The COED p r o c e s s  u t i l i z e s  m u l t i p l e  s t a g e ,  f lud ized-bed  p y r o l y s i s  
w i t h  i n c r e a s i n g  s t a g e  t e m p e r a t u r e s  t o  d r i v e  o f f  t h e  v o l a t i l e  matter a t  
c o n t r o l l e d  rates and t empera tu - re s  so t h a t  a h i g h  p e r c e n t a g e  o f  t h e  
c o a l  is conver ted  t o  g a s  and condensable  o i l  p r o d u c t s .  Coal  is crushed  
and d r i e d  and f e d  t o  t h e  first s t a g e  v e s s e l ,  where it is f l u i d i z e d  i n  
h o t  r e c y c l e  g a s e s  g e n e r a t e d  from combust ion of some o f  t h e  product  g a s  
o r  c h a r .  The coal t h e n  proceeds  from t h e  first s t a g e ,  which is nomi- 
n a l l y  a t  600°F, t o  t h e  subsequent  s t a g e s  where i t  is s u b j e c t e d  t o ,  
i n c r e a s i n g  t e m p e r a t u r e s  of 850, 1000 and 1600OF. Heat f o r  t h e  second 
and t h i r d  s t a g e s  comes from burn ing  some of t h e  c h a r  w i t h  oxygen i n  
t h e  f o u r t h  s t a g e .  The g a s e s  from t h e  f o u r t h  s t a g e  f low c o u n t e r -  
c u r r e n t  t o  t h e  s o l i d s  through t h e  t h i r d  s t a g e  t o  t h e  second s t a g e ,  
from which m o s t  o f  the v o l a t i l e  p r o d u c t s  are c o l l e c t e d .  A s m a l l  per-  
c e n t a g e  o f  t h e  v o l a t i l e s  comes from t h e  first . s t a g e .  A s m a l l  amount 
of c h a r  i s  r e c y c l e d  t o  t h e  t h i r d  and t o  t h e  second s t a g e  t o  h e l p  
p r o v i d e  t h e  h e a t  n e c e s s a r y  t o  m a i n t a i n  t h e  vessel tempera tures .  The 
v o l a t i l e  p r o d u c t s  from t h e  p y r o l y s i s  are  condensed and s e p a r a t e d .  

The p r o j e c t  COED tar  t h a t  was t h e  f e e d s t o c k  f o r  a l l  work d e s -  
c r i b e d  i n  t h i s  paper  was d e r i v e d  from I l l i n o i s  #6 coal.  

Ashland 's  p o s i t i o n  a s  a s u p p l i e r  o f  r e f i n e r y  p r o d u c t s  and carbon 
black--through t h e  United Carbon divis ion--had a s i g n i f i c a n t  i n f l u e n c e  
on t h e  s e l e c t i o n  o f  t h e  r e s e a r c h  program g o a l s  f o r  p r o c e s s i n g  o f  LTC 
t a r .  The pr imary o b j e c t i v e  o f  t h i s  program w a s  t o  produce c a r b o n  
b l a c k  f e e d s t o c k  from a l l  o r  a p o r t i o n  of t h e  LTC c o a l  l i q u i d s .  A 
p r o d u c t  o f  t h i s  n a t u r e  would r e q u i r e  a minimum amount o f  upgrading 
and would u t i l i z e  h e r e t o f o r e  unmarke tab le  f r a c t i o n s  of t h e  coal 
l i q u i d s .  Secondly,  emphasis  w a s  p l a c e d  o n  c o n v e r t i n g  t h e  f r a c . t i o n s  
u n s u i t a b l e  for  carbon b l a c k  f e e d s t o c k  i n t o  p r o d u c t s  compat ib le  wi th  
normal r e f i n e r y  o p e r a t i o n s .  

O t h e r  r e s e a r c h e r s  have t r i e d  many t e c h n i q u e s  t o  upgrade LW tar 
i n c l u d i n g  cok ing ,  thermal  c r a c k i n g  and hydrogenat ion .  P r o d u c t s  
r a n g i n g  from coke t o  g a s o l i n e  w i t h  some i n t e r m e d i a t e  c h e m i c a l s  ake  



commonly r e p o r t e d  i n  t h e  l i t e r a t u r e .  P robab ly  t h e  p o i n t  m o s t  'common 
t o  t h e  work of these warious g roups  was t h e  f a c t  t ha t  t h e  p r o c e s s e s  
were uneconomical. Processes t o  produce c h e m i c a l s  from LZC c o a l  
l i q u i d s  f a i l e d  because t h e s e  materials c o u l d  not  be o b t a i n e d  by 
s i m p l e  p r o c e s s i n g  schemes. 

DISCUSSION 

A n  i n i t i a l  q u a n t i t y  o f  p r o j e c t  COED f u l l  r ange  c o a l  l i q u i d s  w a s  
o b t a i n e d  from FMC f o r  c h a r a c t e r i z a t i o n .  A p r e l i m i n a r y  i n s p e c t i o n  o f  
t h e  c o a l  l i q u i d s  showed t h e  f o l l o w i n g :  

Moisture ,  Volume P e r c e n t  4.5-5.0 
Benzene I n s o l u b l e s ,  Weight P e r c e n t  0.5 
Quino l ine  I n s o l u b l e s ,  Weight P e r c e n t  3.0 

T h i s  a n a l y s i s  i n d i c a t e d  t h a t  removal o f  t h e  p a r t i c u l a t e  matter and 
m o i s t u r e  would be t h e  minimum t r e a t m e n t  for  p roduc ing  ca rbon  black 
f e e d s t o c k  from t h e  tar. 

I n i t i a l  P r o c e s s i n g  Scheme 

The p r o c e s s i n g  scheme used t o  produce t h e  t h r e e  i n i t i a l  samples  

The t a r  w a s - h e a t e d  u n t i l  f l u i d  and blended w i t h  benzene i n  a 1:l 
volume r a t i o  i n  order t o  r educe  t h e  tar  v i s c o s i t y  s u f f i c i e n t l y  t o  p e r -  
m i t  c e n t r i f u g a t i o n  for s o l i d s  removal and f o r  a subsequent  a z e o t r o p i c  
d i s t i l l a t i o n  t o  remove t h e  water. Table 1 p r e s e n t s  a n  a n a l y s i s  of 
t h e  d r y ,  e s s e n t i a l l y  solids-free tar .  

t h e  q u a l i t y  of a ca rbon  b1ack . f eeds tock .  
below 70 are u n a c c e p t a b l e ;  f e e d s t o c k s  w i t h  a BMCI o f  120 and above 
are c o n s i d e r e d  i d e a l .  The L'K t a r  p h y s i c a l  propert ies-- low g r a v i t y  
and h i g h  50% b o i l i n g  p o i n t - - r e s u l t  i n  a v e r y  h i g h ,  c a l c u l a t e d ,  Bureau 
of Mines Correlation Index f o r  t h i s  l i q u i d .  However, subsequen t  
e x p e r i m e n t a l  d a t a  i n d i c a t e s  t h e  BMCI is a p p a r e n t l y  v a l i d  o n l y  f o r  
materials t h a t  are predominant ly  hydrocarbon;  i.e., do n o t  have high 
p e r c e n t a g e s  of h e t e r o  atoms, such  a s  oxygen, n i t r o g e n  and s u l f u r .  
As shown i n  Table  1 t h e  COED LTC t a r  c o n t a i n s  s i g n i f i c a n t  q u a n t i t i e s  
of 0 ,  N and S. A sample o f  t h e  d r y ,  s o l i d s - f r e e  LTC tar--sample A i n  
F i g u r e  1--was t a k e n  f o r  e v a l u a t i o n  as ca rbon  b l a c k  f e e d s t o c k .  

The d r y ,  s o l i d s - f r e e ,  f u l l  r a n g e  c o a l  l i q u i d s  were nex t  vacuum 
f r a c t i o n a t e d  t o  p roduce  a -530°F overhead c u t  and a +530°F ( a t  atmos- 
p h e r i c  p r e s s u r e )  b o t t o m s  f r a c t i o n .  The +530°F bottoms material was 
e v a l u a t e d  as c a r b o n  b l a c k  f e e d s t o c k ;  i t  is d e s i g n a t e d  a s  sample B i n  
F i g u r e  1. 
f ixed bed 3/4 i n c h  d i a m e t e r  reactor a t  moderate  t e m p e r a t u r e  and 
p r e s s u r e .  A n a l y t i c a l  d a t a  r e v e a l e d  a s i g n i f i c a n t  change from feed  t o  
p r o d u c t .  Marked d e c r e a s e s  were n o t e d  i n  b o i l i n g  r ange  and g r a v i t y  a t  
h igh  vo lumet r i c  y i e l d .  A major  r e d u c t i o n  i n  0 ,  N, and S c o n t e n t  w a s  
obse rved .  The p roduc t  c o n t a i n e d  h igh  c o n c e n t r a t i o n s  of naphthenes and 
aromatics; this in conjunctioa ~ t t h  its hniling r a n g e ,  c h g r a c t e r i z e d  
t h e  p roduc t  a s  a p o t e n t i a l  r e f i n e r y  r e f o r m e r  c h a r g e  s t o c k .  

is shown i n  F igu re  1. 

The Bureau o f  Mines C o r r e l a t i o n  Index (BMCI) is a measure o f  
Feeds tocks  w i t h  a BMCI 

The -530'F overhead  w a s  c a t a l y t i c a l l y  h y d r o t r e a t e d  i n  a 

A t h i r d  sample for carbon b l a c k  f e e d s t o c k  e v a l u a t i o n - <  i n  



1 i. 7 
F i g u r e  1 - - w a s  p repa red  by s o l v e n t  e x t r a c t i o n  ( 2 : l  s o l v e n t . t o  O i l  
r a t i o )  of t h e  +530"F c o a l  l i q u i d s .  The s o l v e n t  w a s  a t y p i c a l  
r e fo rma te  (OAPI=53.4) c o n t a i n i n g  about  61% P+N and 38% A. The 
e x t r a c t i o n  y i e lded  an  i n s o l u b l e  r a f f i n a t e  (275'F S.P. p i t c h - l i k e  
m a t e r i a l )  and t h e  e x t r a c t  f r a c t i o n .  After s t r i p p i n g  o f f  t h e  s o l v e n t ,  
t h e  e x t r a c t  y i e l d  w a s  about  74 weight p e r c e n t .  Ten g a l l o n s  of t h i s  
m a t e r i a l  were e v a l u a t e d  as  carbon b l a c k  f e e d s t o c k .  

An a n a l y s i s  of  carbon b l ack  f e e d s t o c k  samples  B and C is shown 
i n  Tab le  2. Samples A ,  B and C were e v a l u a t e d  a t  United Carbon ' s  . 
p i l o t  p l a n t  i n  a 2 i n c h  f u r n a c e .  A l l  c o a l  d e r i v e d  samples  w e r e  han- 
d l e d  i n  a n  i d e n t i c a l  manner, and a s t a n d a r d  ca rbon  b l a c k  f e e d s t o c k  
was a l so  processed  i n  t h e  p i l o t  u n i t  f o r  comparison. The coal 
l i q u i d s  carbon b l ack  p roduc t  w a s  compounded i n t o  a s t a n d a r d  rubbe r  
f o r m u l a t i o n .  Th i s  f o r m u l a t i o n  w a s  e v a l u a t e d  a g a i n s t  r u b b e r  com- 
pounded from a n  ISAF c o n t r o l  carbon b l a c k  and t h e  carbon b l a c k  pro- 
duced i n  t h e  p i l o t  p l a n t  from t h e  s t a n d a r d  f e e d s t o c k .  The f u l l  range  
and vacuum reduced samples  (A and B, r e s p e c t i v e l y )  produced a n  i n f e r i o r  
carbon b l ack  i n  l o w  y i e l d s .  The low s t r u c t u r e  and low modulus e x h i b i t e d  
by t h e  rubbe r  f o r m u l a t i o n s  were p a r t i c u l a r l y  n o t i c e a b l e .  The e x t r a c -  
t e d  sample (C) produced a low y i e l d  of carbon b l a c k ,  b u t  t h e  q u a l i t y  
w a s  n e a r l y  equa l  t o  t h e  s t a n d a r d  f e e d s t o c k ,  w i t h  t h e  e x c e p t i o n  o f  
having  on ly  a s l i g h t l y  lower s t r u c t u r e .  Yie ld  d a t a  is p r e s e n t e d  i n  
Tab le  3. 

These r e s u l t s  i n d i c a t e  t h e  e x t r a c t i o n  i s  more of a de-ashing s t e p  
t h a n  a t r u e . e x t r a c t i o n  and t h a t  t h e  h i g h  oxygen c o n t e n t  of  t h e  tar  
s u p p r e s s e s  carbon b l a c k  y i e l d .  Carbon b l a c k  q u a l i t y  is d e t r i m e n t a l l y  
a f f e c t e d  by sodium, po ta s s ium and o t h e r  metals normal ly  found i n  c o a l  
a s h  and i n  l o w  g rade  f e e d s t o c k s .  These m e t a l s  c a u s e  ca rbon  b l a c k  
s t r u c t u r e  (cha in  l e n g t h )  t o  be l o w .  The y i e l d  from +530eF t a r  w a s  
app rox ima te ly  75% of t h e  s t a n d a r d  f e e d s t o c k  and w a s  encourag ing  from 
a r e s e a r c h  s t a n d p o i n t .  N e v e r t h e l e s s ,  t h e  v a l u e  of t h e  75% y i e l d  feed-  
s t o c k  is much less t h a n  75% of t h e  go ing  r a t e  f o r  h igh  q u a l i t y  f eed -  
s t o c k s ,  due t o  t h e  combina t ion  of h i g h e r  f e e d s t o c k  consumption p e r  
pound o f  carbon b l a c k ,  h i g h e r  f u e l  g a s  consumption p e r  pound of carbon 
b l a c k  and reduced reactor c a p a c i t y .  

Hydrotreating-Microreactor 

Because of t h e  h i g h  oxygen c o n t e n t  (sa%) of t h e  d r y ,  s o l i d s - f r e e  
t a r  and i t s  d e t r i m e n t a l  effect  on carbon b l a c k  y i e l d ,  i t  w a s  dec ided  
t o  a t t e m p t  t o  s e l e c t i v e l y  h y d r o t r e a t  t h e  t a r  w i t h  t h e  o b j e c t i v e  of 
removing t h e  oxygen, n i t r o g e n  and s u l f u r  w i thou t  r i n g  s a t u r a t i o n .  
F ixed  bed,  c a t a l y t i c  hydro t r ea tmen t  of t h e  t a r  w a s  conducted  a t  a 
moderate t empera tu re  and i n t e r m e d i a t e  p r e s s u r e  i n  a 3/4 i n c h  d i ame te r  
r e a c t o r .  The p r o c e s s  w a s  s t u d i e d  by e v a l u a t i o n  of  composi ted  reactor 
e f f l u e n t  and o f f -gas  samples  from c o n s e c u t i v e  test p e r i o d s  of 19 t o  
2 4  h o u r s  d u r a t i o n .  

A hydrocarbon l i q u i d  y i e l d  on f e e d  of  about  86 weight p e r c e n t  
and an aqueous y i e l d  of  abou t  3% w e r e  o b t a i n e d .  Hetero atom removal 
based  on t h e  f e e d  and  composited e f f l u e n t  samples  w a s  o v e r  90% f o r  
s u l f u r ,  o v e r  60% f o r  oxygen, and n e a r l y  40% f o r  n i t r o g e n .  Hydrogen 
consumption f o r  t h i s  l e v e l  of p r o c e s s i n g  w a s  e s t i m a t e d  a t  1200 t o  
1500 SCF/bbl. of f e e d .  Material ba l ance  d a t a  i n d i c a t e d  t h a t  h e t e r o  
atom removal accounted  f o r  t h e  l a r g e s t  p o r t i o n  of t h e  hydrogen con- 
sumed w i t h  m o s t  of t h e  remain ing  hydrogen used  a p p e a r i n g  as c racked  

p r o d u c t s  i n  t h e  o f f  g a s .  
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The h y d r o t r e a t e d  composi ted  product  w a s  f r a c t i o n a t e d  i n t o  , a  -600'F 

r e f i n e r y  f e e d s t o c k  and a +600°F carbon b l a c k  f e e d s t o c k .  
p e r c e n t  y i e l d s  were a b o u t  58% overhead and  42% bottoms. 

The weight 

The +600°F bot toms are  c h a r a c t e r i z e d  below. T h i s  table shows a 
c o n s i d e r a b l e  upgrading  o f  t h e  f e e d s t o c k  over t h a t  p r e v i o u s l y  produced 
and i n d i c a t e s  t h a t  a p o t e n t i a l  carbon b l a c k  y i e l d  comparable t o  t h e  
s t a n d a r d  carbon b l a c k  f e e d s t o c k  shou ld  be o b t a i n e d  from t h e  hydro- 
t r e a t e d  +600°F bottoms. 

CARBON BLACK FEEDSTOCK COMPARISON 

W t .  % Ratio Carbon Black 

S tanda rd  C.B. Feeds tock  
H C/H Yld l b /  a1 

8 . 2  11.0 
C 

90.2 
E x t r a c t  from +530° F r a c t i o n  83.7 7.6 11.0 2.74 
Hydro t r ea t ed  +600° F r a c t i o n  89.1 8 . 0  11.1 -- 

Carbon b lack  y i e l d  d a t a  on t h e  h y d r o t r e a t e d  +600°F t a r  cou ld  n o t  
b e  o b t a i n e d  s i n c e  t h e  3/4 i n c h  reactor hydrogena t ion  t e c h n i q u e s  pro- 
duced o n l y  one g a l l o n  of f u l l  range  h y d r o t r e a t e d  ta r .  P i lo t  scale 
ca rbon  b l ack  f e e d s t o c k  e v a l u a t i o n s  r e q u i r e  a minimum sample of t e n  
g a l l o n s .  

The e x p e r i m e n t a l  d a t a  from t h e  3/4 i n c h  r e a c t o r  s e r v e d  as  t h e  
b a s i s  f o r  p l ann ing  f u r t h e r  p r o c e s s i n g  of p r o j e c t  COED'S LTC tar .  It 
w a s  dec ided  t o  a t t e m p t  h y d r o t r e a t i n g  of  t h e  d r y ,  f u l l - r a n g e  tar  i n  a 
4 i nch  d i ame te r  r e a c t o r  t o  produce s u f f i c i e n t  +600°F material f o r  
p i l o t  scale e v a l u a t i o n  as ca rbon  b l a c k  f e e d s t o c k .  

Hydro t r ea t ing -Four  Inch  Reactor 

A s  a r e s u l t  of t h e  above work, a n  a d d i t i o n a l  150 g a l l o n s  of f u l l -  
r ange  COED l i q u i d s  w a s  o b t a i n e d  f o r  p r o c e s s i n g  th rough  t h e  4 i n c h  
r e a c t o r .  The coal l i q u i d s  "as r ece ived"  c o n t a i n  s u f f i c i e n t  p a r t i c u -  
late matter and water t o  c a u s e  o p e r a b i l i t y  problems on a p i l o t  
s c a l e .  A s  d i s c u s s e d  earlier, t h e  tar  was p rocessed  i n i t i a l l y  by 
c e n t r i f u g a t i o n  and a z e o t r o p i c  d i s t i l l a t i o n  t o  remove s o l i d s  and 
moi s tu re .  The f o l l o w i n g  t a b l e  shows t h e  r e s u l t s  of t h i s  p rocess ing :  

T a r  Ta r  
A s  Received P rocessed  

Ash 0.83 0.44 
Quino l ine ,  I n s o l u b l e s  3.6 1.8 
Benzene, I n s o l u b l e s  4.3 7.3 

C h a r a c t e r i z a t i o n  of t h e  d r y ,  s o l i d s - f r e e  t a r  showed it t o  have 

A f t e r  p r o c e s s i n g  t o  remove water and s o l i d s ,  t h e  f u l l - r a n g e  LTC 

e s s e n t i a l l y  t h e  s a m e  a n a l y s i s  as shown i n  Tab le  1. 

ta r  was h y d r o t r e a t e d  i n  t h e  4 i n c h  reactor sys tem f o r  h e t e r o  atom 
removal a t  approx ima te ly  t h e  same c o n d i t i o n s  which w e r e  used i n  t h e  
3/4 i n c h  reactor. 

P r o c e s s i n g  i n  t h e  4 i n c h  u n i t  . r e p r e s e n t e d  a f e e d  rate scale up 
or' about l 6 G  over t ha t  of t h e  3/4 inch reactor. Seve re  tempera tur?  
c o n t r o l  problems r e s u l t e d  from t h e  sca l ed -up  o p e r a t i o n  due t o  t h e  
exo the rmic  n a t u r e  of t h e  r e a c t i o n s  t a k i n g  p l a c e .  The d e s i r e d  iso- 
thermal r e a c t o r  p r o f i l e  f o r  optimum s e l e c t i v i t y  and h e t e r o  atom 
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removal c o u l d  n o t  be main ta ined .  F l u c t u a t i o n s  between l o w  tempera- 
t u r e s  ( i n c r e a s e d  naphthene  fo rma t ion )  and h i g h  t e m p e r a t u r e s  ( c a t a l y s t  
d e a c t i v a t i o n  and co r re spond ing  r e d u c t i o n  i n  deoxygenat ion)  r e s u l t e d  i n  
more oxygen and hydrogen and less ca rbon  i n  t h e  reactor e f f l u e n t  t h a n  
t h e  p r o j e c t  g o a l s .  Carbon c o n t e n t  of t h e  h y d r o t r e a t e d  composi te  was 
86.5  weight p e r c e n t ,  somewhat below t h e  87.7 weight p e r c e n t  o b t a i n e d  
i n  t h e  3/4 i n c h  reactor p rocess ing .  F i g u r e  2 i l l u s t r a t e s  t h e  g e n e r a l  
e f f e c t s  of  t empera tu re  on p roduc t  composi t ion .  

O v e r a l l ,  c o n s i d e r a b l e  d i f f i c u l t y  was expe r i enced  i n  o b t a i n i n g  
smooth o p e r a t i o n  of t h e  4 i n c h  r e a c t o r ;  however, t h e  e n t i r e  amount of 
f e e d  a v a i l a b l e  was p rocessed .  The l i q u i d  hydrocarbon y i e l d  w a s  about  
8 9  weight p e r c e n t  on f e e d ,  and t h e  aqueous  y i e l d  w a s  abou t  3 weight 
p e r c e n t .  
reactor. 

Th i s  compares ve ry  w e l l  w i t h  t h e  r e s u l t s  from t h e  3/4 i n c h  

The t a b l e  below compares h e t e r o  atom removal based on o v e r a l l  
f e e d  and composited p roduc t  d a t a  f o r  t h e  4 i nch  r e a c t o r  and 3/4 i n c h  
reactor: 

HETERO ATOM REMOVAL-WEIGHT PERCENT 

Oxygen 

4 i n c h  Reac to r  58 
3/4 i n c h  Reactor 6 2  

Ni t rogen  

16 
38 

S u l f u r  

83 
93 

Hydrogen consumption was e s t i m a t e d  a t  2000 SCF/bbl. based on an 
o v e r a l l  material ba lance  and h e t e r o  atom removal. Hydrogen consump- 
t i o n  is t h u s  h i g h e r  t h a n  t h e  1500 SCF/bbl. o b t a i n e d  i n  small scale 
p r o c e s s i n g .  T h i s  may be a t t r i b u t e d  t o  i n c r e a s e d  naphthene fo rma t ion  
and i n c r e a s e d  hydroc rack ing  i n  t h e  4 i nch  reactor.  

The h y d r o t r e a t e d  t a r  was f r a c t i o n a t e d  t o  produce a -600'F over -  
head c u t  and a +600°F bot toms f r a c t i o n .  
f r e e  t a r  were about  46 volume p e r c e n t  overhead  and 54 volume pe rcen t  
bottoms. The -600'F f r a c t i o n  w i l l  be  d i s c u s s e d  l a t e r  i n  t h i s  pape r .  

The y i e l d s  on d r y ,  s o l i d s -  

The +600°F F r a c t i o n  

The +600°F f r a c t i o n  (Table  4) was sh ipped  t o  t h e  Uni ted  Carbon 
l a b o r a t o r i e s  f o r  p i l o t  scale ca rbon  b l a c k  p roduc t ion .  The carbon 
b l a c k  produced was t h e n  e v a l u a t e d  as d e s c r i b e d  earlier by compounding 
i n  a s t a n d a r d  rubbe r  f o r m u l a t i o n .  The r e s u l t s  o f  t h e s e  tests can  be 
summarized as follows: 

1. 

2. 

3. 

The material handled  s a t i s f a c t o r i l y  i n  t h e  p i l o t  scale 
reactors. 

The ca rbon  b l a c k  produced from t h e  h y d r o t r e a t e d  +600°F 
coal l i q u i d s  h a s  o n l y  a s l i g h t l y  lower modulus wi th  
comparable t e n s i l e ,  e l o n g a t i o n  and a b r a s i o n  r e s i s t a n c e  
and approx ima te ly  10% lower s t r u c t u r e  as compared t o  a 
ca rbon  b l ack  which w a s  made from a s t a n d a r d  carbon b lack  
f e e d s t o c k .  

Yie ld  of  ca rbon  b l a c k  from t h e  h y d r o t r e a t e d  +600°F t a r  is 
o n l y  about  80% of t h e  s t a n d a r d  f e e d s t o c k ,  3 .10  l b s / g a l .  vs .  
3.97 l b / g a l . ,  a t  e s s e n t i a l l y  t h e  same s u r f a c e  a r e a .  
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4. A 60% r e d u c t i o n  i n  oxygen d i d  n o t  s i g n i f i c a n t l y  change t h e  
carbon b l ack  y i e l d .  Apparent ly  s u f f i c i e n t  naphthene forma- 
t i o n  had o c c u r r e d  i n  t h e  4 i n c h  reactor t o . c o u n t e r a c t  t h e  
r e d u c t i o n  i n  oxygen. Carbon t o  hydrogen r a t i o n  a n d  oxygen 
c o n t e n t  a r e  summarized below: 

46 Oxygen C/H 

S tanda rd  Feeds tock  
+530°F E x t r a c t e d  Ta r  
ffi00'F H y d r o t r e a t e d  T a r  
Raw T a r  

0 11 .0  
8 11 :o 
3 10.2 
9 10.9 

In summary, t h e  i n i t i a l  a t t e m p t  t o  produce a carbon b l ack  f e e d -  
s t o c k  from LTC tar  v i a  s e l e c t i v e  hydrogena t ion  fo l lowed  by f r a c t i o n a -  
t i o n  r e s u l t e d  i n  a n  a c c e p t a b l e  q u a l i t y  b l a c k  and  demonstrated t h e  
t e c h n i c a l  f e a s i b i l i t y  for t h i s  p r o c e s s i n g  r o u t e .  Y ie ld  w a s  not  as  
h i g h  as d e s i r e d  and may be a t t r i b u t e d  t o  n o t  a c h i e v i n g  p r o c e s s  g o a l s  
f o r  h e t e r o  atom removal d u r i n g  hydro t r ea tmen t .  

F u r t h e r  P r o c e s s i n g  o f  +600°F F r a c t i o n  

The o r i g i n a l  p r o c e s s  g o a l  was t o  a c h i e v e  a +600°F bottoms material 
w i t h  a 90 weight p e r c e n t  ca rbon  c o n t e n t ,  s i n c e  t h i s  l e v e l  is comparable 
t o  t h e  s t a n d a r d  ca rbon  b l a c k  f e e d s t o c k .  The f o l l o w i n g  t a b l e  shows t h e  
u l t i m a t e  a n a l y s i s  o f  t h e  u n t r e a t e d  +600°F tar ,  t h e  h y d r o t r e a t e d  +600°F 
tar  and t h e  s t a n d a r d  ca rbon  b l a c k  f e e d s t o c k :  

S t anda rd  
Carbon Black Raw Ta r  Hydro t r ea t ed  

U l t i m a t e  Ana lys i s ,  W t .  96 Feedstock +600°F T a r ,  +600°F 

Carbon 90.20 82.6 86.97 
8.20 7.55 8.50 - . 8.88 2.97 

Hydrogen 
Oxygen 
Ni t rogen  - 0.96 0.92 
S u l f u r  1.60 1.30 0.30 

I n  a n  e f f o r t  t o  a c h i e v e  90 weight p e r c e n t  ca rbon  c o n t e n t  material, 
t h e  h y d r o t r e a t e d  +600°F t a r  from t h e  4 i n c h  reactor w a s  c a t a l y t i c a l l y  
h y d r o t r e a t e d  a g a i n  a t  a moderate  t e m p e r a t u r e  and  p r e s s u r e  i n  a 2 i n c h  
d i a m e t e r  reactor. The second p a s s  h y d r o t r e a t e d  +600°F t a r  is cha rac -  
t e r i z e d  i n  Tab le  5. The y i e l d  of t h e  material is approx ima te ly  35 
volume p e r c e n t  o f  t h e  d r y ,  s o l i d s - f r e e  COED tar. Note t h a t  t h e  pro- 
ject  g o a l  of 90 weight  p e r c e n t  ca rbon  c o n t e n t  w a s  v e r y  n e a r l y  ach ieved .  

A sample o f  t h i s  second p a s s  h y d r o t r e a t e d  +600°F tar  was for- 
warded t o  t h e  Un i t ed  Carbon d i v i s i o n  and w a s  p r o c e s s e d  through t h e i r  
p i l o t  p l a n t  t o  produce ca rbon  b l ack .  Performance of t h i s  t a r  i n  t h e  
p i l o t  scale carbon b l a c k  r e a c t o r  w a s  p r a c t i c a l l y  i d e n t i c a l  t o  t h a t  of 
t h e  s t a n d a r d  ca rbon  b l a c k  f e e d s t o c k .  

Data from r u b b e r  samples  compounded w i t h  ca rbon  b l a c k  from t h e  
second p a s s  h y d r o t r e a t e d  +600°F tar show t h e  b l a c k  to  be n e a r l y  equal 
t o  t h e  ca rbon  b l a c k  produced from t h e  s t a n d a r d  f e e d s t o c k  a t  i d e n t i c a l  
reactor c o n d i t i o n s .  Some of t h e  p e r t i n e n t  d a t a  from t h e s e  tests are 
g i v e n  i n  Table  6. A ca rbon  b l a c k  y i e l d  o f  abou t  90 weight  p e r c e n t  of 
t h e  s t a n d a r d  w a s  o b t a i n e d .  
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A l a b o r a t o r y  i n s p e c t i o n  of  t h e  -600°F f r a c t i o n  from t h e  4 i nch  
r e a c t o r  is shown i n  Table  7. Although t h e  a r o m a t i c s  c o n t e n t  of  t h i s  
p a r t i c u l a r  material was no t  de te rmined ,  a -600'F c u t  from t h e  3 /4  
i n c h  reactor s t u d y ,  w i t h  ve ry  s imilar  p r o p e r t i e s ,  c o n t a i n e d  w e l l  ove r  
70 volume pe rcen t  a r o m a t i c s  by FIA a n a l y s i s .  T h i s  i n d i c a t e s  t h e  -600'F 
f r a c t i o n  would be a h i g h l y  d e s i r a b l e  r e f i n e r y  f e e d s t o c k .  However, t h e  
h e t e r o  atom c o n c e n t r a t i o n  of  t h i s  c u t  is t o o  h igh  t o  pe rmi t  p r o c e s s i n g  
by c o n v e n t i o n a l  r e f i n e r y  t echn iques .  Fo r  t h i s  r e a s o n ,  second p a s s  
h y d r o t r e a t i n g  of  t h e  -600OF c u t  w a s  s t u d i e d .  

P i l o t  s t u d i e s  i n d i c a t e d  a reactor c o n f i g u r a t i o n  w i t h  a f a i r l y  
h i g h  r e s i d e n c e  t i m e  would be r e q u i r e d  t o  e f f e c t i v e l y  remove t h e  h e t e r o  
atoms i n  t h e  second p a s s  c a t a l y t i c  h y d r o t r e a t i n g  s t e p .  Such a r e a c t o r  
was c o n s t r u c t e d  and s u c c e s s f u l l y  o p e r a t e d  w i t h  t h e  -600°F f r a c t i o n  
(Table  7 )  f e e d  t o  produce 5 .5  weight p e r c e n t  water and  a second p a s s  
-600'F l i q u i d  hydrocarbon p roduc t  i n  92.2 weight  p e r c e n t  y i e l d  wi th  
t h e  f o l l o w i n g  p r o p e r t i e s :  

-600°F SECOND PASS 
HYDROTREATING EFFLUENT 

OAPI 29.5 
FIA, LV% 

P + N  33.2 
0 1.0  
A 65.0 

S 35 
N 620 

Bromine No. 2.2 

Hetero atoms, ppm 

He te ro  atom c o n c e n t r a t i o n s  have  been reduced  s u f f i c i e n t l y  by 
t h i s  o p e r a t i o n  t o  pe rmi t  p r o c e s s i n g  of t h e  mater ia l  i n  c o n v e n t i o n a l  
r e f i n e r y  u n i t s .  

The -600°F second p a s s  h y d r o t r e a t i n g  e f f l u e n t  w a s  f r a c t i o n a t e d  
i n t o  f i v e  f r a c t i o n s :  (1)  IBP-160°F, 0.9 LV%; (2)  160-360°F, 42.5 

600°F, 12.0 L a ,  f o r  l a b o r a t o r y  and p i l o t  scale e v a l u a t i o n  as 
r e f i n e r y  f e e d s t o c k .  The IBP-160°F c u t  w a s  no t  p r o c e s s e d  f u r t h e r  s i n c e  
i n  p r a c t i c e  t h i s  would p robab ly  be i n c l u d e d  i n  t h e  r e f o r m e r  c h a r g e  
because  of its s m a l l  q u a n t i t y  and its composi t ion .  The 160-360'F 
f r a c t i o n  was c h a r a c t e r i z e d  as r e f o r m e r  c h a r g e s t o c k  on t h e  b a s i s  of 
its naphthene  c o n t e n t  and b o i l i n g  range .  R e s u l t s  of t h e  p i l o t  scale 
r e fo rming  are shown i n  Tab le  8. Note s p e c i f i c a l l y  t h e  v e r y  h i g h  
b l end ing  v a l u e  of t h e  reformate, its h i g h  aromatic (go+%) c o n t e n t  
and  t h e  h igh  gas make which is e s t i m a t e d  t o  be 92% hydrogen i n  a 
r e c y c l e  o p e r a t i o n .  

i n d i c a t e d  t h e y  shou ld  be combined and s u b j e c t e d  t o  a r e l a t i v e l y  s e v e r e  
h y d r o t r e a t i n g  s t e p ,  t h e n  f r a c t i o n a t e d  t o  a 410°F c u t  p o i n t .  The 
-410°F p o r t i o n  w i t h  a 98.5 F-1 c lear  o c t a n e  w2uld t h e n  be b lended  
i n t o  g a s o l i n e ,  and t h e  h i g h l y  aromatic (12.0 API) 410-525'F bottoms 
would be a n  e x c e l l e n t  h y d r o d e a l k y l a t i o n  f e e d s t o c k  s i n c e  it h a s  a 
naphthene  p o t e n t i a l  of o v e r  5 7  weight  p e r c e n t  o n  f eed .  

L G ;  (3 )  360-r110°F, 1 2 . 1  L G ;  (4) 410-550°F, 32.5 L G ;  (5) 550- 

Labora to ry  e v a l u a t i o n  of t h e  360-410°F and 410-550°F f r a c t i o n s  

I 
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The 550-600°F f r a c t i o n  c o u l d  be marketed as # 2  f u e l  o i l .  1 

ECONOMICS 

The p r e l i m i n a r y  economics of  a commercial scale LTC ta r  pro- 
c e s s i n g  f a c i l i t y  have  been  estimated based  on a p i l o t  p l a n t  and 
l a b o r a t o r y  d a t a .  The economics assume a 10 ,000  ton/day  coal car- 
b o n i z a t i o n  u n i t  is l o c a t e d  a d j a c e n t  t o  t h e  tar  p m c e s s i n g  f a c i l i t y .  
T h i s  u n i t ,  wh i l e  n o t  d i r e c t l y  i n c l u d e d  i n  t h e  economics, s u p p l i e s  a 
low cost s o u r c e  of  11 ,906  bbl /day  of  f u l l - r a n g e  LTC tar .  F igu re  3 
is a b lock  flow diagram o f  t h e  proposed  p r o c e s s i n g  scheme s t a r t i n g  
w i t h  t h e  f u l l - r a n g e  LTC tar .  

A c a p i t a l  i nves tmen t  of $13,100,000 h a s  been e s t i m a t e d  f o r  t h e  
p r o c e s s i n g  u n i t s  shown i n  F i g u r e  3, w i t h  t h e  e x c e p t i o n  of  t h e  carbon 
b l a c k  f a c i l i t y ,  which is n o t  i nc luded  i n  t h e  economics. A d i scoun ted  
c a s h  flow of 20% can  be r e a l i z e d  on t h i s  i nves tmen t  w i t h  f u l l - r a n g e  
LTC tar  va lued  at $1.62/bbl. and t h e  f o l l o w i n g  v a l u e s  p l a c e d  on t h e  
v a r i o u s  p roduc t s :  

Carbon Black Feeds tock  - 7C/gallon 
Rt2 Fuel o i l  - 9$/ga l lon  
Gaso l ine  Blending  S tock  - 14C/ga l lon  (102+ Octane No.) 
Benzene - 23C/gallon 
Naphthalene - 4.5$/lb.  
H2 Consumed or Genera t ed  - 30$/1000 SCF 

The t e c h n i c a l  f e a s i b i l i t y  of h y d r o t r e a t i n g  f u l l - r a n g e  L X  tar t o  
produce a h i g h l y  aromatic r e s i d u e  b o i l i n g  above 600°F, w i t h  l o w  h e t e r o  
atom c o n t e n t ,  h a s  been demonst ra ted .  The h y d r o t r e a t e d  +600°F f r a c t i o n  
h a s  been p rocessed  on a p i l o t  scale t o  an  a c c e p t a b l e  q u a l i t y  carbon 
b l a c k  i n  good y i e l d .  

The lower b o i l i n g  mater ia l  (-60O0F f ract ion f r o m  h y d r o t r e a t i n g  
f u l l - r a n g e  L E  ta r )  when n e a r l y  free of h e t e r o  atoms is a h i g h l y  
a r o m a t i c  material i d e a l l y  s u i t e d  f o r  p r o c e s s i n g  i n  c o n v e n t i o n a l  
r e f i n e r y  equipment t o  y i e l d  v a l u a b l e  p roduc t s .  

o v e r a l l  LTC t a r  p r o c e s s i n g  scheme can  realize a good DCF rate of 
r e t u r n  on i nves tmen t ,  when r e a s o n a b l e  p roduc t  values are assumed. 

P r e l i m i n a r y  economics,  based  on p i l o t  p l a n t  d a t a ,  i n d i c a t e  t h e  
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FIGURE t 
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65 GAL. 
EXTRACTED 

SAMPLE C 

A t 
16 GAL. PITCH 

I 275'F S. P. SOLVENT 

I 

TABLE 1 \ 
PROJECT COED FULL RANGE COAL LIQUIDS 

(DRY, SOLIDS-FREE) 

SAMPLE 
DISTILLATION, OF 

5% 
10% 
3 0% 
50% 
7 0% 
8 0% 

I BUINOLINE INSOLUBLE, WT. % 

A S H ,  WT. % 
CONRADSON CARBON, WT. % 
CORRELATION INDEX 

API AT 60°F 

\ 

ULTIhlATE ANALYSIS, % 
1 

CARBON 
HYDROCES 
OXYGEN 
NITROGEN 
SULFUR 

I 

I 

A 

45 7 
486 
701 
831 
93 2 

C r a c k i n g  

0.33 
-6.1 
0.13 
18.4 
140 

82.42 
7.55 
8.74 
1;10 
0.9 
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TABLE 2 

PROCESSED PROJECT COED COAL LIQUIDS 

SAMPLE 
DISTILLATION,  O F  . 

I B P  
5% 
10% 
20% 
30% 
40% 
50% 
60% 

BENZENE INSOLUBLE, WT. % 
O A P I  AT 6 0 ° F  
ASH, WT. % 
CONRADSON CARBON, 4% 
CORRELATION INDEX 

B 
+530°F CUT 

525 
58 1 
680 
742 
794 
836 

C r a c k i n g  

12.0 
-8.7 
0.18 
21.7 
157 

- 

ULTIhlATE ANALYSIS, % 
CARBON 82.71 
HYDROGEN 7.89 
OXYGEN . 8.90 

1.16 
1.90 

NITROGEN 
SULFUR 
POTASSIUM, PPI 
SODIUM, PPM 

TABLE 3 

CARBON BLACK YIELD DATA . 

FEED 

STANDARD C .  B. FEEDSTOCK 

- 

FULL RANGE COAL L I Q U I D S  -- A 

+530°F FRACTION O F  FULL RANGE 
COAL LIQUIDS -- B 

C 
EXTRALTED 
+530°F CUT 

450 
521 
571 
672 
741 

C r a c k i n g  

0.013 
-7.2 
0.022 
14.96 
150 

. 82.61 
7. 55 
8.88 
0.96 
1.30 
4.7 
8.0 

YIELD 
(WUNDS/GALLON ) 

3.75 

2.70 

2.64 

EXTRACT FRO11 +530.F FRACTION -- C 2.74 
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F I G m .  2-  EFFECT OF TEMPERATURE ON PRODUCT CONPOSITION 

4 
NAPHTHENE 
FORMATION 

- 
- 
- 

- HETERO ATOM - 
- NAPHTHENES 

- 
- 
- 
- 

C I I 1  I I I I I I 
TEMPERATURE 

TABLE 4 

+ 6 0 0 * F  HYDROTREATED FRACTION O F  
PROJECT COED COAL L I Q U I D S  

D I S T I L L A T I O N ,  *F 
10% 
3 0% 
50% 
70% 
90% 

GRAVITY, O A P I  AT 60°F  
RAMSBOTTOM CARBON, WT. $ 
CORRELATION INDEX 

ULTIMATE ANALYSIS,  WT. % 

CARBON 
HYDROGEN 
OXYGEN 
NITROGEN 
S U L F L 2  
ASH 

COKING 
AND 
HYDRO- 
CRACKING 

655 
7 08 
78 1 
866 

C r a c k i n g  

0.4 
3.8 

121.9 

86.97 
8.50 
2.97 
0.92 
0.3P 
0.07 
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TABU 5 

LABORATORY INSPECTION OF SECOND 
PASS HYDROTREATED +600°F FRACTION 

DISTILLATION, OF 
5% 

10% 
30% 
50% 
7 0% 
90% 
95% 

+600°F BOTTOMS 
615 
629 
668 
714 
767 
866 
912 

GRAVITY, OAPI AT 60°F 4.2 
BENZENE INSOLUBLE, WT . % 0.094 
QUINOLINE INSOLUBLE, WT. % 0.018 
RAMSBOTTON CARBON, WT. % 2.74 
CORRELATION INDEX 111.7 

ULTIMATE ANALYSIS, WT. % 

CARBON 
HYDROGEN 
OXYGEN 
NITROGEN 
SULFUR 
ASH 

89.38 
8.48 
1.54 
0.60 
0.04 
0.02 

TABLE 6 

LABORATORY EVALUATION OF RUBBER SAMPLES 

SAhIPLE 

CURED AT 293'F MIN. 

MODULUS AT 
SOO% (PSI) 120 

COLLECTED YIELD 
#/GAL. 

TENSILE STRENGTH 
(PS 1) 120 

% ELONGATION 
AT BREAK 120 

SURFACE AREA, 
( Jl2/Gil) 

ANGLE ABRJ S ION 
GAlS LOSS/HR. 90 

% SWELL EXTD.STK 
DBP ABR.1S ION 

ISAF COAL COAL COAL 
C0NT.C LIQUIDS STANDARD LIQUIDS 'STANDARD LIQUIDS 

2100 2280 

3.83 

4300 3740 

510 420 

126 

10.4 12 .4  

92.1 105.6 

1 1 4 . 8  138 .6  

2380 

4.23 

4130 

435 

112 

12 .5  

102 .0  

138.5 

2330 

3.82 

4270 

45 0 

112 

10 .3  

10.9.3 

140.1 

2320 

3.97 

3770 

420 

139 

10.6 

105.6 

139.8 

2300 

3.51 

4300 

4 45 

13'7 

10 .1  

109.3 

141.4 
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TABLE 7 

-600.F FRACTION O F  HYDROTREATED 
PROJECT COED COAL L I Q U t D S  

ASTM DISTILLATION , O F  

I BP 
10% 
30% 
5 0% 
7 0% 
90% 
95% 

GRAVITY, 'API AT 60.F 
BROMINE NUMBER 

ULTIMATE ANALYSIS , WT. % 

CARBON 
HYDROGEN 
OXYGEN 
NITROGEN 
SULFUR 
ASH 

28 0 
370 
416 
45 2 
492 
546 

Cracking 

17.6 
65.7 

83.48 
10.27 
5.38 
0.88 
0.13 

0.002 

REFORMATE FROM 160-360.F FRACTION O F  SECOND 
PASS HYDROTREATED -600.F COAL L I Q U I D S  

L I Q U I D  YIELD ON FEED 
GAS MAKE, SCF/BBL. FEED 

90.1 VOL. 40 
1025 

GRAVITY, 'API 33.5 

ASTbI DISTILLATION,  O F  
I B P  
5% 

10% 
3 0% 
50% 
70% 
95% 
E.P.  

OCTANE NUMBERS 

F-1 CLEAR 
F-1 + 3 G. TML. 
BLENDING OCTANE NUhIBER 

168 
208 
220 
244 
26 6 
288 
23 2 
368 

101.4 
105.9 
114.7 
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FIGURE 3 

CARBON BLACK FEEDSTOCK 
FROB1 

LOK TEALPERATITRE C-IRBOXIZATIOX TAR 
ESTIXATED JLATERIBL BALAXCE 

11,906 B P D  
FULL RAXGE 
LTC TAR 

+ 
MlhIONIA 
HYDROGEN S U L F I D E  


